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In Madeira, an archipelago situated in the North Eastern Atlantic, Sparus aurata was 
recorded in the wild shortly after the introduction of this species to offshore farming facilities 
in 1997. In this study, oceanographic and maintenance data of fish farms from Madeira was 
gathered to evaluate the most relevant factors behind the escapes of Sparus aurata. The 
community of fish associated with the farming facilities was analysed with the help of an 
underwater camera-system. Also, previously escaped specimens of S. aurata were caught in 
the wild, followed by stomach content analysis. Archive data from regular inspection dives 
from the Calheta offshore fish farm was analysed with corresponding data on sea conditions. 
Results point towards the relevance of extreme weather and sea conditions and related 
structural failure for fish escapes; a significant correlation was found between wave height 
and the amount of recorded net-damage at the fish farming facilities. However, certain 
damage was unlikely caused by structural failure and may be the result of predator attack or 
other causes. Notwithstanding the above, the abundance of top carnivorous species (e.g. 
Seriola spp., Pomatomus saltatrix and Spyraena viridensis) appeared to be low and an 
analysis of underwater footage revealed, that the most abundant species around the farm were 
Trachinotus ovatus and Sardinella maderensis. An examination of 38 escapee seabream 
caught in the harbour of Calheta indicated, that S. aurata preferably feed on fish and the diet 
appears to differ substantially from conspecifics within the native distribution range. All 
sampled animals were considered sexually immature, not providing evidence for the 
existence of a self-sustaining population of S. aurata in the wild. Future research is necessary 
to fully comprehend all relevant factors involved in the escapes of S. aurata from Madeiran 




















Recentemente, a aquacultura intensiva tem sido uma indústria em expansão no Mediterrâneo 
e no Atlântico Nordeste; e a dourada (Sparus aurata) sendo uma das espécies mais 
frequentemente produzidas. O arquipélago da Madeira, localizado a 32.75°N, 17°W, no 
Atlântico Nordeste é um dos locais onde esta espécie é cultivada. Apesar da dourada não ser 
nativa do local, esta é cultivada comercialmente em várias instalações de aquacultura 
“offshore” no Sul da ilha da Madeira. Pouco tempo depois do início da primeira exploração, 
em 1997, foram descobertos indivíduos selvagens de S. aurata. As atividades de cultivo 
foram consideradas como a fonte mais provável da ocorrência desta espécie nas águas do 
arquipélago, sendo que a fuga de indivíduos de aquacultura é um problema conhecido. Estes 
eventos de fuga estão ligados a uma variedade de riscos para o ecossistema onde ocorrem, 
desde a introdução de espécies não nativas, introdução de organismos patogénicos e até 
perdas económicas para os piscicultores. Estudos anteriores identificaram a importância de 
condições climatéricas extremas, e os danos estruturais que estas provocam, como sendo uma 
das principais causas de fuga de indivíduos, bem como, de danos provocados pelos próprios 
peixes às redes, ataques de predador e erros operacionais.  
Este estudo representa uma primeira abordagem na investigação dos eventos recorrentes de 
fuga de S. aurata e alguns dos possíveis impactos da introdução desta espécie no arquipélago 
da Madeira. Os functioários das instalações de aquacultura inspecionam-nas regularmente 
por mergulho e visitam-nas diariamente para alimentar os peixes. Durante os mergulhos, as 
redes são inspeccionadas. Se algum dano for encontrado, a informação sobre o dano é 
registada, bem como, a informação acerca das condições do mar, presença de predadores e a 
quantidade de alimento que foi fornecida aos indivíduos de cultivo. Os registos de uma 
instalação de cultivo na Calheta foram analisados e relacionados com as condições do mar. 
Os dados relativos à ondulação (altura significativa e altura máxima da onda) foram 
fornecidos pelo IPMA (Instituto Português do Mar e Atmosfera). A análise dos dados indicou 
uma correlação positiva entre a altura da onda e o número de danos encontrados nas redes 
(com um R entre 0 e 0.344). Nas jaulas maiores, de 24 m de diâmetro, esta correlação foi 





Durante um episódio de condições climatéricas extremas em Fevereiro de 2019, com ondas 
acima de 10m (com alturas máximas de 10.87m), seis das jaulas de cultivo na Ribeira Brava 
sofreram significativos danos estruturais. Este evento levou à libertação de mais de 1 000 000 
de indivíduos de S. aurata, o que reforça o possível impacto de eventos de falhas estruturais 
por condições climatéricas. No entanto o elevado número de danos nas redes das jaulas da 
piscicultura da Calheta, em condições climatéricas calmas, mostra que estes eventos não são 
a única causa de fugas. É possível que estes danos tenham sido provocados por ataques de 
predadores, uma vez que a presença de espécies predatórios (tal como Pomatomus saltatrix) 
em redor das jaulas de cultivo é comum, em particular durante os meses de Verão. No 
entanto, fatores como danos estruturais ou outros parâmetros ambientais podem também 
estar envolvidos. 
 Em adição à análise dos dados históricos das instalações de cultivo, a comunidade de peixes 
associada às instalações de cultivo na Calheta também foi investigada. Entre Dezembro de 
2018 e Abril de 2019, foram feitas um total de 19 visitas às instalações. Durante estas visitas, 
uma câmara subaquática montada numa vara de 5m foi usada para filmar as espécies de 
peixes associadas às instalações de cultivo. A aplicabilidade deste sistema de vídeo foi 
testada durante este estudo, resultando em 167Gb de conteúdo. Os dados foram tratados 
como registos de presença/ausência e permitiram a identificação de 6 espécies. Os resultados 
mostram uma riqueza específica S entre 2 e 4, e sugerem que as espécies mais comuns em 
redor das jaulas são Trachinotus ovatus and Sardinella maderensis, estando presentes em 
100% dos vídeos recolhidos, provavelmente a alimentar-se de ração em excesso e excreções 
que são levadas para fora das jaulas. Em 21% dos vídeos, indivíduos de Sphyraena viridensis 
e Balistes capriscus, ambas espécies predatórias, estavam presentes. De acordo com 
empregados das instalações de cultivo, B. capriscus foram previamente observados a 
consumir indivíduos mortos nas jaulas e podem provocar parte dos danos às redes. O nosso 
estudo mostra que um sistema de câmara subaquática é uma ferramenta viável e útil para 
avaliar a comunidade de peixes associados a instalações de cultivo, apesar de ter algumas 
limitações. 
O impacto de S. aurata num ecossistema fora dos limites de distribuição nativa da espécie 
estão, maioritariamente, por estudar. Apesar da presença desta espécie na Madeira ser 
conhecida há 20 anos, não temos conhecimento de algum trabalho para avaliar o impacto da 
espécie nos ecossistemas locais. Ao longo deste estudo, 38 indivíduos selvagens de S. aurata 
foram colhidos no porto da Calheta, usando equipamento de pesca recreacional.  
vi 
 
Os peixes foram medidos, as gónadas inspecionados visualmente e avialado o conteúdo 
estomacal. Os indivíduos amostrados eram juvenis em fase de pré-maturação sexual e com 
um comprimento até à bifurcação da barbatana caudal entre os 15.5 e 27 cm (média de 21.75 
± 2.59cm) e pesos entre as 60.89g e 457.2g (media de 192.92 ± 78.28g). Os resultados não 
sugerem que exista um risco de existir uma população estável de S. aurata na madeira. 
As análises de conteúdo estomacal mostram que os indivíduos selvagens de S. aurata se 
alimentam de uma variedade de presas, sendo que outros peixes constituíram 50.3% do peso 
do conteúdo ingerido. A ração comercial constituiu a segunda principal fonte de alimento, 
com 15.1% do peso do conteúdo estomacal . Estes resultados mostram a capacidade de S. 
aurata de se adaptar a novas fontes de alimento, uma vez que esta dieta difere 
substancialmente da dieta disponível na distribuição nativa da espécie e da dieta exclusiva 
de rações nas jaulas de cultura. A elevada abundância de peixe nos conteúdos estomacais dos 
indivíduos amostrados implica um possível risco para o ecossistema local. No enfanto não 
foi possível verificar se o peixe consumido tem origem em descartes junto ao local de sua 
captura ou se foi predado vivo pela dourada. 
A cultura em “offshore” de peixe representa um desafio, uma vez que as condições 
climatéricas extremas representam um grande risco de fuga de indivíduos das instalações de 
cultivo. Um estudo do local, recorrendo a dados climatéricos, antes da construção de novas 
instalações pode ajudar a prevenir estes eventos. No entanto, existem outras possíveis causas 
de eventos de fuga que não estão totalmente identificadas. Para investigar potenciais riscos 
da libertação de S. aurata nas águas do arquipélago da Madeira, é necessário amostrar mais 
indivíduos selvagens e analisar os seus conteúdos estomacais, idealmente aplicando técnicas 
genéticas. Um estudo mais completo, usando métodos como o uso de câmaras subaquáticas 
remotas pode permitir a observação das estruturas de cultivo e de predadores, ajudando a 
perceber qual a sua importância em eventos de fuga. Pesquisas futuras são necessárias para 
compreender plenamente as razões para a fuga de S. aurata das fazendas de peixes 
Madeiranos e para entender o papel que a espécie desempenha na natureza. Estes poderiam 
ser de interesse económico para os agricultores de peixes e de uso para avaliar as implicações 
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 Chapter 1 Introduction 
 
In Western Europe, fish farming in fresh- and saltwater has been practiced since ancient times 
(Rana, 2005). At present, 69% of the 397 European fish stocks are affected by overfishing 
and many stocks suffered declines ( Jackson et al., 2001; Froese et al., 2018). Therefore, fish 
farming now constitutes an important additional source of fresh seafood to western markets 
and represents a fast-growing global industry (Trujillo et al., 2012). In 2016, 47% of the total 
world fish production originated from aquaculture. According to FAO (2018), the total food 
fish production in Europe was 2,945,000t in 2016 and Norway the most important producing 
country with 1,326,000t. Aquaculture offers the benefit of providing fish for local and foreign 
markets combined with economic benefits. New technological developments have allowed 
for the expansion of farming facilities into offshore locations (Gentry et al., 2017). However, 
aquaculture in offshore farming facilities is connected to a range of risks and is therefore 
often criticized (Read & Fernandes, 2003). 
 
 







Offshore fish farms may affect the environment: The release of nutrients and chemicals (Wu, 
1995) from farms in the form of faeces, food pellets, antibiotics and chemicals from the 
construction materials (i.e. stabilizers, pigments and antifoulants) (Cao et al., 2007) through 
aquaculture can lead to alterations in the benthic zone (Wu et al., 1994; Tomassetti et al., 
2016). Farming facilities are known to attract wild fish (Dempster et al., 2002). Most notably, 
offshore farming facilities represent a permanent risk for the escape of fish (Dempster et al., 
2007; Jackson et al., 2015; Thorvaldsen et al., 2015; Arechavala-Lopez et al., 2018a). A fish 
escape thereby refers to an individual fish, or a group of fish exiting the net cage (Arechavala-
Lopez et al., 2018a). Losses due to fish escapement lead to significant financial damage for 
the farm owners, that was estimated to be as high as €42.8 million per year for gilthead 
seabream Sparus aurata and European seabass Dicentrarchus labrax (Jackson et al., 2015). 
Aside economic damage, the release of farmed fish also generates risks for the local 
environment. Escaped fish alter the genetic pool, which can lead to a decreased fitness in 
wild populations (McGinnity et al., 2003) and escapees may be involved in the distribution 
of parasites (Arechavala-Lopez et al., 2013) and bacteria possessing resistance for antibiotics 
(Austin, 1993). Moreover, escaped, non-native fish may interact with native species and 
compete with them for food (Declerck et al., 2002) or prey on them (Albins, 2013). 
Notwithstanding the above, a recent technical report integrating the concepts of Blue Growth 
and Marine Strategy Framework Directive on good environmental status for sustainable 
development has shown no significant environmental issues related to the finfish aquaculture 
activity in the Macaronesia Islands of Canaries and Madeira (Png-Gonzalez et al., 2019).  
 
Situated in the subtropical North-eastern Atlantic Ocean (32.75°N, 17°W) off the coast of 
Marocco, Madeira Island is a popular destination for tourists (Oliveira, 2008). The waters 
around the island support local fisheries and are inhabited by a wide variety of marine life. 
Around the archipelagos of Madeira, Desertas and Selvagens there are five marine protected 
areas; some of them among the oldest marine reserves in Portugal (Friedlander et al., 2017). 
The gilthead seabream S. aurata, initially not native to Madeira Island, has first been 
recorded in 2000, shortly after farming of the species started in offshore open cage farming 
facilities in 1997; regarded as the most probable cause for the introduction of the species to 




Figure 1.2 Geographical location of Madeira Island, retrieved and adapted from google.maps © 2019 Inst. 
Geogr. Nacional, Google 
 
The gilthead seabream Sparus aurata belongs to the family of Sparidae and is common in 
the Mediterranean Sea and Atlantic, including several Islands (FAO, 2019). Here, the species 
inhabits sandy bottoms, seagrass beds and the surf zone up to a depth of approximately 150m 
(Bauchot & Hureau, 1990). In aquaculture, S. aurata accounted for a total production of 
181,442 t in 2015 (FAO, 2016), produced mostly in the Mediterranean Sea, but also in the 
Atlantic archipelagos of the Canaries and Madeira. Despite the knowledge about the presence 
of S. aurata in the waters around Madeira Island, information about the causes of the 







Most farming activities of S. aurata take place within the native distribution range of the 
species. First studies targeting the possible influence of escapee S. aurata were conducted 
e.g. in the Messolonghi Lagoon, Greece (Dimitriou et al., 2007) and the Gulf of California 
(Balart et al., 2009). However, there appears to be a great knowledge gap. The presence of a 
formerly absent species implies risks such as the degradation of the host-environment, the 
break-down of the host community and the introduction of pathogens (Welcome, 1988) This 
problematic has gained global interest, as ecological impacts are often more serious and less 
predictable with non-native species (Edelist et al., 2013). To reduce the number of escapees 
from the steadily growing number of offshore faming facilities, it is urgent to understand the 
causes of escape events. Further it is relevant to analyse the possible influences of previously 
escaped animals on the local environment, so that management plans can be put in action, if 
necessary. This is even more relevant in an environment, such as Madeira, where the farmed 
species S. aurata is non-native.  
 
 
This works aims to: 
 
 
1. Identify the most relevant causes for seabream S. aurata escapes in Madeiran fish 
farms through the analysis of historical archive data; 
 
2. Analyse the relevance of storms and rough sea conditions for the occurring net 
damage in the fish farming facilities with emphasis on wave and wind data; 
 
3. Analyse the species community of wild fish and other animals around Madeira’s 
farming facilities and the potential relevance for escape events; 
 
4. Test the applicability of a newly constructed camera system for the evaluation of wild 
fish species associated with Madeira’s fish farming facilities; 
 
5. Gain a first insight into the population of previously escaped seabream S. aurata in 
the wild, including an analysis of the preferred diet; 
 
6. Evaluate the size-structure and sexual maturation stage of escapee-seabream 




 Chapter 2 Risk assessment of Madeiran fish farms 




Aquaculture is a fast-growing agro-industrial sector (Trujillo et al., 2012) and may help to 
support the food requirements of the growing world population in the future (Duarte et al., 
2009). While aquaculture in Norway is dominated by the Atlantic salmon (Polanco & 
Bjorndal, 2017), in the Mediterranean, the North Eastern Atlantic Ocean and around Madeira, 
S. aurata represents one of the most important farmed fish species and is commonly reared 
in open cage aquaculture (Andrade & Gouveia, 2008; Bjørndal & Guillen, 2017; Arechavala-
Lopez et al., 2018a). Frequently used is thereby a floating cage-system, in which the net is 
supported by a floating collar (Beweridge, 2004) (Fig 1.1). Offshore fish farming facilities 
have the advantage of a wider dispersal of waste products than it would be the case for coastal 
farms (Holmer, 2010); lower energy cost as the water currents are responsible for the water 
exchange. Nevertheless, offshore farming facilities are also prone to a high risk of the 
escapement of fish (Jackson et al., 2015; Thorvaldsen et al., 2015; Arechavala-Lopez et al., 
2018a).  
 
Countries such as Norway, Ireland and Scotland have a strict management policy, where fish 
farm owners are legally required to report escape incidents together with further information, 
such as the underlaying causes and the extend of the incident. In contrast, in Mediterranean 
countries no such requirements existed until 2007, which results in a lack of statistics and 
data regarding escape events (Dempster et al., 2007). Analysis of the statistical data from 
2001 to 2006 from the Norwegian Fisheries Directorate revealed, that the most relevant 
causes for escape events are structural and operational failure (Jackson et al., 2015). 
Structural failure which can lead to the escape of fish, is often a result of the extreme 
conditions (Holmer, 2010), that the farming facilities are exposed to in an offshore 
environment; such as currents or storm events; while structural fatigue and incorrect 
installation are also relevant (Jensen, 2006).The relevance of structural failure for the escape 





Even though structural failure only makes a small percentage of escape events, it often results 
in the release of a high number of fish and is therefore an important factor to consider when 
investigating fish escapes from farming facilities. In Norwegian fish farms, the relevance of 
structural failure was already recognized and as a consequence, the Norwegian Standard NS 
9415 (NAS, 2003) was introduced as a measure to reduce the amount of escapees (Berstad 
et al., 2005). In addition to more common weather-related damage on fish farms, escape 
events can also result from damage inflicted on the net by interactions of fish and other 
animals. A study by Jackson et. al (2015) showed, that net biting behaviour of farmed fish 
and predator attacks are the most common causes for escape incidents in the Mediterranean 
Sea with S. aurata and D. labrax. During this study, of the fish that were reported to have 
escaped from fish farms in 242 incidents, seabream made the majority with 76.7%, with two 
major escape events being especially relevant.  
 
Escapes of fish can also be related to species-specific behaviour of farmed fish, as different 
species show a variable tendency to interact with, or damage the net cages (Moe et al., 2007; 
Hansen et al., 2009). Species, as the Atlantic cod Gadus morhua (Høy et al., 2012) and the 
Gilthead seabream (S. aurata) were found to have a propensity to bite nets, which can result 
in holes and as a consequence contribute to the escape of animals (Moe et al., 2007; 
Papadakis et al., 2012). For S. aurata it was shown, that increased rearing density is 
correlated with an exponential increase in the escape rate and preexistent damage stimulates 
the fish to bite and further damage the net (Papadakis et al., 2013). Further it was 
demonstrated, that limited food supply can lead to an alteration in the behaviour of seabream 





Figure 2.1 Component identification plan of the farming facility in Ribeira Brava, © Aquabaia 
 
Fish escapes from offshore farming facilities likely led to the introduction of S. aurata to 
Madeira (Alves & Alves, 2002). The underlaying causes so far have not been targeted by 
scientific work in Madeira. This chapter aims to investigate the occurring escape events in 
Madeira through the analysis of archive data on net damage provided by the fish farm owners 














This study focused on two offshore fish farms on Madeira Island: Calheta and Ribeira Brava. 
Data collection mainly focused on the fish farming facility Calheta, situated in the South-





Figure 2.2 Geographical location of the fish farms in Madeira (Indicated by red stars), that were part of this 
work,map retrieved and adapted from google.maps © 2019 Inst. Geogr. Nacional, Google 
 
The fish farming facility in Calheta consists of 10 cages (cage number 1-4: 12.7m in diameter 
and cage number 5-10 with 24m in diameter; Fig 1.1), while the fish farming facility in 
Ribeira Brava cages consists of a total of 20 net cages (14 cages with 19.5m in diameter and 













Offshore fish farms from Madeira Island, as in most other locations are visited regularly by 
staff members, to feed the fish, for maintenance of equipment and other operational duties. 
At Calheta fish farm, the staff performs dives three times a week, where the net pens are 
inspected for damage, to be repaired. Recorded damage is noted in an archive, together with 
other information, such as relevant information on weather conditions, the amount of feed 
that was provided to the fish and the presence of predators inside the nets.  
 
Compared to the fish farming facility in Calheta, the farms in Ribeira Brava and Caniçal do 
not have a detailed archive. Here, information is usually only noted, when severe damage 
occurred in the net pens with the possible escape of fish. The number of escaped fish is 
usually estimated through the lower amount of feed, that is needed to feed the fish to satiation. 
However, this approach is connected to a high level of uncertainty and therefore, numbers of 
escaped fish can only be roughly estimated.  
 
During this study, information on net damage from January 2018 throughout March 2019 
was collected from the previously mentioned facilities. Recorded net damage was analysed 
with respect to local sea conditions. The data used to evaluate the sea condition was provided 
by the Portuguese Institute for Sea and Atmosphere (IPMA).The measurements included data 
on significant wave height and maximum wave height for the time period from January 2018 
to January 2019 from a buoy deployed near Funchal, about 25km eastern of Calheta and 
various meteorological measurements provided by IPMA (temperature, windspeed, 
humidity, water temperature) from station 522 (Observatório Meteorológico do Funchal; 32° 




Pearson’s coefficient was used to compare correlation of the amount of net damage occurring 
in the fish farm with wave height (significant wave height and maximum wave height) and 
significant wave height and maximum wave height with measured values for wind speed 
(ddf/ffmax). The significance of the obtained values for the correlation coefficient was tested 
using a one-way ANOVA. Significance levels were set at P<0.05. Calculations were made 






Sea conditions  
 
As data on sea conditions provided by IPMA revealed, sea conditions show a high degree of 
variation over the year. During summer (April to October), the recorded average significant 
wave height was found to be below 1m most of the time, with corresponding maximum wave 
heights rarely exceeding 2m. Conditions from November to March showed much more 
extreme conditions. Highest values were recorded at the end of February throughout the 
middle of march, with the highest value for significant wave height (4.51m) and the highest 




Data on wind conditions were provided by IPMA. The measurements derive from the station 
522 Funchal (Observatório Meteorológico do Funchal; 32° 38’ N, 16°53’W, altitude: 58m). 
The measurements suggest a variation of wind speed over the year with highest values being 
reached in winter/spring, similar to the observations made with wave height. The highest 
value for wind speed measured in Funchal was 81km/h on February 7th, 2018 and the second 
highest value with 78 km/h on February 28th (Appendix II). Wind speed was correlated versus 
significant wave height and maximum wave height. Results revealed a significant positive 
correlation for wind and significant wave height (R= 0.587, P<0.01) and maximum wave 

















Table 2.1 Values for the correlation coefficient R and corresponding P-values; resulting from statistcal 













1 12.7 0.040 >0.05 0.020 
 
>0.05 
2 12.7 0.079 >0.05 0.126 >0.05 









































Results from the inspection dives at the farming facility (number of holes in the net) were 
plotted versus the significant wave height and the maximum wave height. Results indicated 
a positive correlation, except for cage 4, which showed no correlation between maximum 
wave height and the number of holes detected in the net pens. For the 12.7m diameter cages 
(Cage 1-4) calculations point towards a non-significant positive correlation (P>0.05) between 
wave height and the number of holes in the net with the highest value for R being 0.126. 
Compared to that, the 24m diameter cages (Cage 5-10) showed values of R up to 0.344, 
indicating a stronger positive correlation between wave height and the occurring damage. 
Cages 6, 7, 8 and 9 revealed a significant (P<0.05) positive correlation between significant 







As the analysis revealed, cage 1-4 show a high amount of net damage in summer (cage 1: 10 
holes on 10th of August; cage 2: 6 holes on 10th, 20th and 27th of august; cage 3: 7 holes on 
13th and 31st of august; cage 4: 25 holes on 18th of July; Appendix III). Data on waves, as 
well as wind measurements suggest no extreme conditions in that period. Therefore, it is 
likely, that this net damage did not result from structural failure. 
 
The larger cages showed the highest numbers of net damage in winter or early spring (cage 
5: 65 holes on December 21st and 32 holes on December 25th; cage 6: 12 holes on March 2nd; 
cage 7: 12 holes on November 23rd, December 21st and December 27th ; cage 8: 11 holes on 
January 15th and March 11th 2019; cage 9:  14 holes on March 2nd and cage 10: 10 holes on 
December 21st; Appendix III) 
 
 
Ribeira Brava  
 
In February 2018, Madeira experienced extreme weather conditions, which resulted in the 
formation of waves with a maximum height of 10.87m according to measurements by IPMA. 
These extreme conditions caused severe damage at the farming facility, including 
deformation and breakage of the floating collar and partwise or total sinking of entire net 
pens (Fig 2.3, Fig 2.4). Due to this structural failure, the destruction of several net pens 








Figure 2.3 The offshore fish arming facility in Ribeira Brava after extreme weather conditions in February 





Figure 2.4 Damage at the fish farm in Ribeira Bava resulting from extreme weather conditions in February 
2018:  Deformation of the floating tubes (c, e, f, h), including strangulation and breakage of the floating tubes 
(g, I, j, k ), dislocation of the surrounding walkways (e), sinking of the net pen; with only the bird-protection 





Historically, cage culture occurred mainly in sheltered environments. As such suitable 
locations are finite, trends in the industry point towards larger facilities, that are operating in 
more exposed offshore environments (Huguenin, 1997, Pérez et al, 2003). As consequence, 
offshore farming facilities are facing more extreme conditions (Holmer, 2010). Results 
suggest a significant positive correlation (p<0.05) between significant wave height and 
maximum wave height and the amount of net damage for the larger 24m diameter cages 
number 6, 7, 8 and 9 of the fish farming facility in Calheta; pointing towards the relevance 
of sea conditions in respect of occurring damage in offshore farming facilities. These findings 
support the results of previous studies, such as Jensen (2006), Jensen et al. (2010) and 
Jackson et al. (2015).The correlation between maximum wave height and significant wave 
height produced relatively similar values for R, which suggests, that both measurements 
appear to be equally representative for the sea conditions. 
 
The smaller cages of the farming facility showed a non-significant positive correlation with 
increasing wave height from R= 0, P>0.05 to R=0.126, P>0.05 These small values for R may 
derive from the fact, that none of the small 12.7m cages were in use during the period with 
highest measured values for waves in February and March 2018, which could have 
influenced the results by putting more emphasis on non-weather related factors. Further, there 
was no wave data available for dates past 30th of January 2019; not allowing to include the 
whole dataset of recorded net damage into our analysis. The reduction of 12.7m diameter 
cages is a measure to reduce the amount of weather-related damage by operating with the 
lowest number of cages possible in the time with a high risk of storms and extreme sea 
conditions. Cages are also frequently removed from the water and washed, without repairing 
pre-existent damage, which then results in the presence of holes in the net from the start 
(Personal comment, Mr. Ferreira França, production foreman of Marismar). High numbers 
of holes in the nets occurring in times with low values for wave height could also result from 
predators biting the nets. Particularly individuals of Pomatomus saltatrix were commonly 
sighted around the facility and recorded inside the nets, feeding on farmed fish. These 
incidents are more common during summer months (Personal comment, Mr. Ferreira França, 





The influence of sea conditions on a farming facility is depending on the physical properties 
of the farm (Lee et al., 2008). Therefore, it is also likely, that the larger cages (24m) show a 
higher vulnerability regarding rough sea conditions, as shown by higher values for R from 
R=0.05, P>0.05 to R=0.344, P<0.01. This might be the reason for high numbers of net 
damage in the 24m cages during winter, when predators, such as Pomatomus saltatrix are 
less abundant. The obtained values for the correlation factor R may even underestimate the 
relevance of sea conditions, since diving operations at the farm do not take place in 
unsuitable, rough sea conditions. Consequently, net damage is usually only noted after 
stormy periods, which may lead to inaccuracies and lower values for the correlation factor 
R. 
 
However, there are cases, when structural failure is unlikely to have caused a large amount 
of damage on the 24m cages of the farming facility in Calheta during winter months. For 
instance, cage 5 shows the highest number of damage of all cages (65 holes), that were 
recorded on December 21st and also Cage 10 shows the highest number of holes on December 
21st, when the wave data did not indicate rough sea conditions the day before and on said day 
(significant wave height on December 20th and 21st 0.72m and 0.68m respectively, with 
maximum wave heights of 1.66m and 1.77m). In the case of cage 5, there were no inspection 
dives performed between December 10th and December 21st, as the cycle of cage 5 was 
finished on December 12th and the cage was not in use until December 19th. The damage at 
this cage could therefore also be the result of operational failure during the replacement of 
the net cage. However, this does not provide an explanation for the high degree of damage 
recorded during this time at cage 10. It should be taken into account, that multiple factors 
may contribute to the formation of holes at the nets of the fish farm in Calheta. For example, 
regarding background data, it was not examined, how many cycles the used nets have already 
spent in the water and holes may also result from wear and tear of the nets (Thorvaldsen et 
al., 2015). 
 
In direct comparison, the farming facilities in Ribeira Brava suffered more severe damage in 
February 2018, than the facility in Calheta. Calculations with wind speed and maximum 
wave height (R= 0.595, P<0.05) suggest that high wind velocities will most likely result in 
the formation of higher waves. As measurements on wind and wave data derived from a 
location roughly 15km from Ribeira Brava and approximately 25km from Calheta, it is also 
possible that the farming locations experienced different conditions compared to the 
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measurements by IPMA. It may therefore be possible, that conditions led to the formation of 
higher waves in Ribeira Brava, likely leading to increased mechanical stress on the Ribeira 
Brava fish farming facility. Further, in the fish farm of Ribeira Brava a different net size 
(19.5m diameter compared to 24m diameter in Calheta) is used. It was shown that the 
reaction of fish farms towards currents is depending on the size of the net cage and weight 
system (Moe et al., 2010). The influence of currents was not investigated in this thesis. But 
generally, the size of the net of a fish farm (section area) may have an influence on the 
resistance during storms and extreme weather conditions and explain the differences between 
the farms at the two locations. 
 
 The collapse of several cages at the farming facility in Ribeira Brave led to the release of 
>1,000,000 individuals of Sparus aurata. In a comparable incident between December 2009 
and January 2010 near the Island la Palma extreme weather conditions lead to the release of 
approximately 1.5 million individuals of D. labrax (90%) and S. aurata (10%). This incident 
lead to a significant increase in the mean trophic level (Toledo-Guedes et al., 2014) and was 
considered one of the biggest escape events ever documented. The number of fish released 
from the offshore fish farm in Ribera Brava in February 2018 led to the release of a similar 
number of fish, thus putting further emphasis on the relevance of S. aurata escapes from 





Several studies already pointed out that structural failure appears to be an important factor 
regarding escape events from offshore fish farms (Jensen, 2006; Jensen et al., 2010 & 
Jackson, et al., 2015). This is supported by a high number of damage at the farming facility 
in Calheta, that were reported during periods with stormy sea conditions and a significant 
positive correlation between significant and maximum wave height and the amount of net 
damage. Especially the collapse of several cages of the farming facility in Ribeira Brava with 
a resulting release of >1,000,000 Gilthead seabream likely resulted from structural failure 
during a period with extreme weather conditions, with waves in excess of 10m. This 





The present data does not allow to fully distinguish between weather related net damage and 
damage resulting from predator attack, the net biting behaviour of the reared fish or other 
causes, such as boat strikes, operational failures during the harvest of the farmed fish, 
incorrect installation or other environmental factors, such as strong currents. As some of the 
cages showed high numbers of net damage in periods with calm sea conditions, it is unlikely, 
that structural failure was the origin of these. According to statements of Mr. Ferreira França 
of the offshore fish farm in Calheta it is more likely, that this damage was caused by predator 
attack due to a high number of P. saltatrix spotted over summer months.  
 
To identify the source of damage in the net it would be necessary to use a different scientific 
approach that allows to monitor the facility over a longer period. A fixed underwater video 
camera system could be used to monitor the cage and the animals around it. Additionally, the 
use of a fixed camera system would further allow to observe the reaction of the fish farm to 
rough sea conditions and to detect the formation of holes in real time, when no filming or 
diving operations are possible. This would allow to calculate the correlation of occurring 
damage in respect to weather data in real time, which would most likely improve the accuracy 
of the calculations made. The investigations during this study revealed a known limitation 
(Dempster et al., 2007): Information on escape events and the management policy in 

















 Chapter 3 Analysis of the wild fish community 




Fish aggregating devices (FADs) are floating constructions, used in commercial fisheries to 
attract pelagic fish, thus facilitating the catch of species, such as tunas (Moreno et al., 2016). 
Cage fish farms in coastal areas resemble large fish aggregating devices (Dempster et al., 
2002). Generally, floating objects act as protection from predatory species and provide a 
higher availability of food (Castro et al., 2002). Fish farms have the capacity to attract wild 
fish and farming activity can lead to high densities of wild fish around fish farming facilities 
(Dempster et al., 2002, 2004). Compared to traditional FADs, the attraction of wild fish to 
fish farms may be enhanced by the feed that is being released into the environment (Bjordal 
& Skar, 1992).In the Mediterranean, wild fish communities associated with farming facilities 
were shown to vary in terms of abundance and community structure (Dempster et al., 2002, 
2004, 2005; Valle et al., 2007). Studies by Andrade and Gouveia (2001) in Madeira Island 
and by Tuya et al. (2006) in Gran Canaria compared the abundance and structure of wild 
demersal fish beneath fish farms in at Gran Canaria, revealing a strong decline in the 
aggregative effect of the farming facility, after the farming activity stopped, which was 
mainly related to the removal of daily feeding.   
 
A high abundance of wild fish and other animals around farming facilities may also be 
relevant in terms of escape events, as species associated with fish farms are capable of 
causing an escape event through breakage of the net, the enhancement of already existing 
damage and/or distress of the farmed fish inside the net (Arechavala-Lopez et al., 2018a) 
Throughout the Mediterranean Sea, the bluefish (Pomatomus saltatrix) is commonly reported 
near fish farms (Dempster et al., 2002; Valle et al., 2007). The species may be a potentially 
problematic predator, as it was reported entering farming facilities and preying on farmed 
fish, which most likely leads to a decrease in the productivity of farmed S. aurata (Sanchez-
Jerez et al., 2008). In Madeira, P. saltatrix is a common coastal species and was observed  
within the farming facilities, likely causing damage and possibly the escape of farmed fish. 
Also, not only fish may be responsible for damage occurring in farming facilities, as in 
Turkey and Chile, monk seals have caused damage to the net pens, which resulted in escape 




The evaluation of the species can be achieved by visual census of the present fish during 
diving operations; representing a method with low impact on the ecosystem (Holubová et al., 
2019). However, factors, such as depth and diving time limit the applicability of this method 
(Pinheiro et al., 2015). A common approach is the installation of remote underwater camera 
systems (RUV), which were shown to detect a higher number of fish species and individuals, 
than visual census (Zarco-Perello & Enríquez, 2019). In our study, a simple mobile video 
camera system was used to document the wild fish communities present around fish farming 
cages at the Marismar facilities in Calheta, Madeira. The aims of this chapter were to examine 
the wild fish community around Madeira’s offshore fish farms, to provide evidence for the 
presence of top carnivorous species and their potential role in the escape events regarding S. 
aurata and to test the applicability of a video camera supporting system for the evaluation of 




A camera supporting system was assembled, consisting of a 5m long pole aluminium pole 
with a waterproof camera (Go pro Hero7) at the end (Fig 3.1). Video footage was made once 
or twice weekly (depending on the fish farms activities and sea conditions), from December 
14th to April 26th, when accompanying farm workers during their regular visits to the cages 





Figure 3.1 Assessment of the wild fish community structure near the fish farm in Calheta, Madeira, Portugal 
with a telescopic pole and an underwater camera 
 
The pole was submerged at one point to a depth of approximately 50cm with the camera 
filming downwards in a 45° angle. Then a video sequence filming the fish community was 
created while walking around the farming facility, timed to five minutes to complete the full 
circle. Handrails of fish cage were marked at the 4 cardinal points, allowing to check the 
position of fish. At these points, the camera system was submerged until the maximum 
possible depth. The fish species visible in the videos were later identified with the help of the 
checklist for Madeira’s fish species by www.fishbase.eu (Froese & Pauly, 2019).  
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The data gathered from the video material was treated as presence/absence data and the 
schools noted; allowing to gain a qualitative overview of the species present around the 
farming cages. The species richness S was calculated for each day the fish farming facility 
was visited. 
 




Within this study the fish community around the farming facility in Calheta was assessed 
from December 14th until April 26th. During this work we filmed on 19 days, resulting in 
167GB of video material to be analysed. A total of 6 species of osteichthyes were identified 
from the video material; the species belong to the families Sphyraenidae, Carangidae, 
Balistidae, Sparidae and Clupeidae. The values for species richness S thereby ranged from 
2, to 4; the highest value for S was obtained on December 14th, 2018, January 11th 2019 and 
January 15th 2019.The video footage shows that the two most common species around the 
farming facilities are Trachinotus ovatus and Sardinella maderensis, as these two species 
could be observed in every occasion the farming facility was visited. Especially T. ovatus 
was frequently present in large schools (Tab 3.1, Fig 3.2), while the number of S. maderensis 







Figure 3.2 School of Trachinotus ovatus aggregating around the offshore farming facility in Calheta, Madeira.  
 
 













Table 3.1 List of fish species sighted and identified near the fish farming facility in Calheta with a remark on 
the food habits of the species and their abundance in the video material 
Species  Family Food Habits Abundance  
(Present in % of the videos) 
Trachinotus ovatus Carangidae Planktivorous/Carnivorous 100% 
Sardninella maderensis Clupeidae Planktivorous 100% 
Sphyraena viridensis Sphyraenidae Top carnivorous 21% 
Balistes capriscus Balistidae Carnivorous 21% 
Oblada melanura Sparidae Omnivorous 11% 




Figure 3.6 Bar chart indicating the species sighted and identified (Species richness S) near the offshore fish 
farming facility in Calheta, Madeira and the corresponding time of the sightings 
 
 
Other species recorded near the farming facility were Oblada melanura, Sphyraena 
viridensis, Trachurus picturatus and Balistes capriscus. Other than the mentioned species 
could not be identified with certainty. According to observations of the staff of the facility, 
during our study, large individuals of P.saltatrix were caught inside the farming facility. 
Together with the previously mentioned fish species, on March 7th a turtle was sighted and 



















































Offshore fish farms are known to attract a great number of wild fish, that are often present in 
high densities (Dempster et al., 2002; Dempster et al., 2004; Dempster et al., 2005; Tuya et 
al., 2006). Species, such as T. ovatus and S. maderensis were already found to be associated 
with Mediterranean fish farms (Dempster et al., 2002 & Ballester-Moltó et al., 2017) and are 
likely to feed on excess food and faeces from the farming facility. Other species that were 
sighted may be relevant in terms of damage to the net cages. Triggerfish, such as B. capriscus 
possess strong jaws and teeth that are able to process a variety of food items including hard-
shelled prey (McCord & Westneat, 2016). Studies on this species regarding interactions with 
fish farms remain scarce. However, it seems likely that the species is capable of damaging 
nets of fish farming facilities. B. capriscus was commonly reported by the farm divers 
underneath the net pens feeding on dead fish, likely resulting in the formation of holes in the 
net. The presence of P. saltatrix could not be confirmed with the present video material. 
Occasionally, large fish could be seen on the videos. However, the limited length of the 
camera pole and the resulting angle of the camera system combined with the low water 
visibility near the farm did not allow for the identification of the species. The shape of the 
fish resembled that of P. saltatrix.  
 
As the assessment of the fish species was always done while the farm staff fed the farmed 
fish, it possible, that top carnivorous predators were not present at that time. Potentially, loud 
noise from the boat and the engine powered feeding machine may have led to absence or 
vertical movements of some species into deeper zones. In the Mediterranean Sea it was 
shown by Sarà et al. (2007) with Thynnus thynnus that boat noise can provoke behavioural 
alterations and vertical migrations. The farm staff commonly performs their dive operations 
equipped with spear fishing gear to be able to eliminate large predators around or within the 
fish farm. Studies by Lindfield et al. (2014), Gray et al. ( 2016) and Sbragaglia et al. (2018) 
have pointed out the influences of fishing pressure on fish behaviour, especially related to 
non-closed-circuit diving gear. Possibly, the absence of top carnivorous species near the 
offshore fish farm results from the species avoidance of the location when operations are 
made to avoid fishing pressure by the farm staff. In opposition, the feed wastes might have 




The abundance of top carnivorous fish near Madeira Island is reduced compared to the nearby 
Selvagens Islands due to overfishing of commercial relevant high-trophic level fish (Hermida 
& Delgado, 2016; Friedlander et al., 2017), which may be an additional factor leading to the 
lack of top predators sighted during this study. According to personal statements, the relevant 
predators, which might be responsible for occurring damage at the farming facility are more 
present during summer. This could also provide an explanation for the high number of 
damage, that was recorded in summer months at some of the cages at the farm in Calheta and 
explain the absence of larger predators in the video material during our study period over 
winter and spring months. The assemblage of species present at Calheta fish farm was in 
agreement with a previous study by Andrade and Gouveia (2001) at Baia de Abra farm, when 




Fish farms in Madeira act as large fish aggregating devices, that were shown to attract wild 
fish, mainly T. ovatus and S. maderensis, according to data collected during video surveys in 
this study. Associated wild fish may be relevant in terms of the reduction of wastes resulting 
from uneaten food pellets (Rieraa, et al., 2017). Data analysis during this study revealed the 
presence of species, that might be capable of causing damage at the nets, such as B. capriscus 
and S.viridensis. However, the presence of large predators such as P. saltatrix, suspected to 
cause net damage, although reported by farm staff, could not be verified.  
 
The methodology used in this study was connected to various limitations, as the used camera 
pole only allowed to film fish within the first meters of the water column, not allowing to 
film underneath the net cages. Further, due to the limited time frame in which this study was 
performed, it was impossible to gain an overview over the fish population over the year and 
the time the fish community was assessed was dependant on the feeding schedule of the farm. 
Hence, the wild fish community around the farming facility may be different during summer 








However, the method tested could be considered a suitable tool to assess the fish species 
community associated with the fish farming facilities of Madeira. The resolution of the 
recorded video material allowed for the identification of 6 fish species, with one of the 
biggest advantages being the low operational costs of the used device and the simplicity of 
the operation; species census could be performed by accompanying the fish farm staff 
without the necessity of diving operations or the use of a separate boat. The timeframe of this 
this study did not allow for enhanced analysis of the species associated with the fish farm. 
Although the high resolution of the produced video material would likely allow for a 
quantitative analysis of the species community. Future research would likely benefit from 
























 Chapter 4 Analysis of the population of previously 




Most farming activities of S. aurata take place within the native distribution range of the 
species. Madeira Island was initially not inhabited by S. aurata and the presence of the 
gilthead seabream was first confirmed, after commercial farming of the species started in 
offshore fish farms (Alves & Alves, 2002). Aquaculture of fish in areas, where the species 
were formerly absent is already commonly practiced (Casal, 2006; Arismendi et al., 2009; 
Liao et al., 2010). Damage in the farming facilities provoked by technical failure due to 
extreme weather conditions and other factors can lead to the repetitive release of locally 
absent fish in areas, where open cage aquaculture is taking place (Jensen, et al., 2010). 
 
S. aurata is a protandrous hermaphrodite, that matures as a male within the first or second 
year and then changes into a female during the second or third year (Bauchot & Hureau, 
1990; Buxton & Garratt, 1990). Estimations for the total length at first sexual maturity 
suggest 20.5 and 22.8 cm, which is equivalent to 0.47 years and 0.83 years for males and 
females, respectively (Ahmed, 2011). The suggested lengths at maturity mentioned by 
www.fishbase.eu (Froese & Pauly, 2019) are 20-30cm (males) and 33-40cm (females) for 
the Mediterranean Sea and the Eastern Atlantic. The spawning period is during winter from 
October to December or January (Bauchot & Hureau, 1986; Chaoui et al., 2006).  
 
S. aurata possess specialized teeth (Fig 4.1). The species feeds a variety of prey, that 
(depending on the size of the fish) includes mainly invertebrates, such as bivalves, 
gastropods, amphipods, polychaets and nematodes (Tancioni et al., 2003) In Southern 
Portugal, Sparus aurata was found to prey on bivalves and gastropods and appears to be have 
a more specialized diet than other seabream species, such as Spondyliosoma cantharus and 
Diplodus sargus (Pita et al., 2002). However, apparently the preferred food source of 






Figure 4.1 Skull and teeth structure of a 14 year old individual of S. aurata ,(a) molar teeth, (b) canines; retrieved 
and adapted from Aydin (2018). 
Sparus aurata has a high dispersion in the first days after escaping from a fish farm and is 
able to adapt and prey on natural food sources one week after the escape (Arechavala-Lopez 
et al., 2012). So far, the ecological consequences of the presence of S. aurata around Madeira 
and generally outside the natural distribution range of the species remain largely unstudied 
and data on the population-size and -structure of S. aurata in Madeiran waters is lacking. 
This study further sets the objective to gather data on the population of previously escaped 
gilthead seabream, to help evaluate possible ecological impacts and to assess, whether there 
is a risk of a self-sustaining population, which may allow the justification for further research 






Sampling and laboratory techniques 
 
A total of 38 individuals of S. aurata was sampled on February 26th (10 fish), February 27th(5 
fish), February 28th (6 fish), March 26th (1 fish), March 27th (1 fish), April 25th (8 fish) and 
April 29th (7 fish). Fish were caught in the harbour of Calheta with recreational fishing gear 
(hook and line). Hereby, squid was used as bait. Immediately after being caught, the fish 
were sedated by a hit on the head and killed by thermoshock by placing the fish in an ice-
filled box. The fish remained on ice until the removal of the stomach, which was always 
performed soon after on the same day at the Mariculture Centre Institute of Calheta. 
 
In the laboratory, fish were measured, weighted and disected. Thereby the fork length, 
standard length and total length was noted. The obtained lengths were used to sort the fish 
into size classes of 0.5cm. The stomachs of the fish were removed, weighted and fixed in 
70% vol. ethanol solution. Stomachs and contained prey and particles then were inspected 
visually with the help of a stereoscope. Identification of prey types was done to the lowest 
taxonomic level possible. Complementary to the stomach content analysis, gonads of the fish 
were analysed macroscopically with the help of Ungaro (2008) and categorized in stages of 




Calculations were made using the following equations. 
 
 
Percentage of each prey type: 
 Weight of one specific prey type (g)
Weight of all prey detected in the stomachs (g)
 × 100 
 
Percentage of fish containing one specific prey type: 
 
 Number of fish containing one specific prey type
Total number of fish







Number of empty stomachs 
Number of all stomachs




Size classes and weight  
 
Measurements showed fork lengths ranging from 15.5cm to 27cm (total length 16.5cm to 
29cm). which corresponds to a weight ranging from 60.89g to 457.2g (mean weight 192.92 
g ± 78.28). Fork length and body weight of the fish were correlated against each other 
(R=0.886, P>0.01). A scatter plot of length and weight is presented in Fig 4.3. Most fish were 
between 20cm and 25cm in fork length (mean FL: 21.75cm ±2.59) 
 
 





























Figure 4.3 Scatterplot of the length-weight relationship between fork-length (cm) and bodyweight (g)of the 





State of maturity 
 
Visual inspection of the sampled specimens did not reveal signs of sexual maturity, as gonads 




Stomach content analysis 
 
Consumed prey was analysed visually to the lowest level possible. A total of 28 prey items 
could be found within the 38 fish and16 fish revealed an empty stomach. The most common 
prey type was referred to the category “fish” (scales, bones and tissue that could undoubtedly 
be identified as fish), which was the most common prey type and could be found in 31.6% 



























After bait (10.5% of the fish contained bait in their stomachs and bait made 26.6% of the 
total weight of the consumed prey), food pellets most likely derived from aquaculture made 
the third most important food item (7.9% of the fish contained pellets in their stomach; 15.1% 
of the total weight of consumed prey) (Fig 4.4, Fig 4.5, Tab 4.1). 
 
The fullness index of the sampled fish was calculated to be 42.1%. 
 
 
Figure 4.4 Pie chart of detected prey types in S. aurata and percentage of the weight of each prey type compared 
to the weight of total prey (%) 
 
Table 4.1 Prey types found within sampled individuals of S. aurata during this study and the corresponding 
weight of the specific prey type (g), including the percentage of total prey (%). 
Prey type Total weight per 
prey type (g) 
Percentage of total 
prey (%) 
Percentage of fish 
containing specific 
prey type (%) 
Cereal 0.7 5.2 2.6 
Bait 3.57 26.6 10.5 
Fish  6.76 50.3 31.6 
Gastropod 0.02 0.1 2.6 
Food Pellets 2.03 15.1 7.9 
Unidentified  0.05 0.4 2.6 
Terrestrial Insect 0.21 1.6 2.6 














Figure 4.5 Pie chart of detected prey types, percentage (%) of individuals of S. aurata containing one specific 




This work represents the first approach of a study targeting previously escaped S. aurata in 
the wild in Madeira Island. During this study, 38 individuals of S. aurata were caught in the 
harbor of Calheta, where the animals could be observed from the piers. The animals were 
measured to be below 30cm in total length and a visual inspection of the gonads showed, that 
the sampled animals were immature individuals. Therefore, it could not be proven, that there 
is an acute risk of a self-sustaining population and that escapees thrive and reproduce in the 
wild.  
 
Within the natural distribution range of the species, the natural diet consists mainly of 
bivalves, gastropods and other invertrebrates (Pita et al., 2002; Tancionia et al., 2003). 
According to the results of the stomach content analysis, the preferred prey of the sampled 
fish is fish, which made 50.3% of the total stomach contents. According to Arechavala-Lopez 
et al. (2012), S. aurata possess the ability to adapt to new food sources within one week after 
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It is likely, that the sampled fish find prey fish in large quantities in the harbor. The digested 
fish may originate from discards of local fisheries, but is also possible, that S. aurata prey on 
small fish, which would imply a possible risk of predation and food competition for local 
species. As no further examinations of the consumed fish were made, it is not possible to 
identify the exact species that were consumed. With 15.1% pellets represent the second 
largest fraction of stomach contents apart from the bait that was used to catch the fish. The 
harbor of Calheta is used to load commercial feed on the fish farm boats. In the process, 
pellets fall into the water and then represent a known food source for S. aurata. In fact, most 
of the S. aurata seen in the harbor were accumulating next to the crane, where the food is 
loaded on the boat of the fish farms, seemingly being used to feeding on the excess food 
falling into the water. However, even with bait included, 42.1% of the fish were found to 
have an empty stomach. This relatively large percentage might indicate a lack of suitable 
food sources for the previously escaped fish, or their lack of abilities to successfully find and 




The results of this study allowed to gain a first insight into the diet of previously escaped S. 
aurata from Madeiran fish farms; indicating a different diet than in the natural distribution 
range of the species. Fish were the primary food source followed by food pellets derived 
from aquaculture Results of this study did not provide evidence for the presence of mature 
individuals in the escaped population and the implied risk of a self sulf-sustaining population 
of S. aurata around Madeira. However, the limited number of sampled fish (38) does not 
represent a large dataset and consequently the results of this study can only be regarded as 
preliminary. Future research, including a larger number of sampled specimens, different 
sampling locations and a more detailed analysis (ideally implying a genetic approach for the 
identification of consumed prey) is needed to fully assess the role of S. aurata in the 








Final considerations  
 
Sparus aurata represents a common species in European fish farms (FAO, 2016; Arechavala-
Lopez et al., 2018a). Previous studies, such as Jensen (2006) Jensen et al. (2010) and 
Arechavala-Lopez et al. ( 2018a) have already pointed out the relevance of extreme weather 
conditions and the resulting escape of fish due to structural failure. The analysis of recorded 
damage on the fish farm of Calheta during this study with data on sea conditions showed a 
significant positive correlation of damage on fish farms with wave height at most of the larger 
24m diameter cages. The relevance of structural failure for escape events was supported by 
a massive escape event at the farming facility in Ribeira Brava in 2018, where the formation 
of large waves most likely led to the destruction of six net cages; resulting in the escape of 
over 1,000,000 individuals of S. aurata. However, some inconsistencies in the dataset, 
including large numbers of holes in the nets during periods with calm sea conditions indicate, 
that extreme weather scenarios may not be the only relevant cause for the escape of S. aurata 
from Madeiran fish farms. It is likely, that predatory species, such as P.saltatrix are 
responsible for this damage, or that the damage has another origin.  
 
A newly tested camera system at the fish farm in Calheta was proven a suitable tool for the 
analysis of the species associated with the fish farming facilities with some limitations. 
However, the hypothesized relevance of predator attack for damage occurring in the net, 
mainly by P. saltatrix, could not be supported by the analysis of the video material filmed 
near the farming facility. The presence of top carnivorous species, other than S. viridensis, 
could not be confirmed, as the fish community around the farming facility appears to be 
dominated by T. ovatus and S. maderensis. However, other species, like B. capriscus and a 
sea turtle were sighted on video material and both species likely possess the ability to damage 
nets of a fish farm. Future research would most certainly benefit from the use of a fixed 
camera system, as such an approach would allow to gain an overview over the species 
community not only in the times when the farm operations are made. Further, a different 
timing of research may lead to different results, as the species communities around fish farms 






The analysis of 38 individuals of S.aurata collected in the harbour of Calheta did not show 
signs of gonad sexual maturity and the sampled specimens were considered immature. 
Consequently, it could not be shown, that there is an existing risk for a self-sustaining 
population of S.aurata in Madeira. Stomach content analysis suggests that escapee-seabream 
are capable of feeding on a wide range of prey, which includes mainly fish and commercial 
food pellets, but also seemingly random prey, as a terrestrial insect, that was found in the 
stomach of one individual. As the diet of S. aurata was dominated by fish (50.3% of the total 
weight of the prey), it cannot be precluded, that S. aurata does not represent a risk for the 
local environment. In terms of this study, we did not investigate, which species the seabream 
had ingested and whether these were caught by the seabream, or just opportunistically 
consumed discards from local fisheries. 
 
This study represents a preliminary attempt in the investigation of the occurring escape 
events of farmed S. aurata around Madeira Island and related factors and consequences. 
Resulting from the limited course of this thesis, it was not possible to collect and analyse 
real-time data from the farming facilities. It was shown that structural failure most likely 
plays a major role in the escape of S. aurata and the species may resent a risk for the local 
environment. However, future research is urgent to further analyse the underlaying causes of 
escape events from offshore fish farming facilities and possible impacts in detail. 
 
In the future, the risk of structural failure for the farms could be eliminated by building fish 
farms in areas which have a record of calm sea conditions; to prevent events, such as the 
collapse of several cages of the farming facility in Ribeira Brava. As technical improvements 
are currently made in offshore aquaculture (Jurado et al., 2018), such as the improvement of 
submersible cages (Milich & Drimer, 2019), it appears also possible, that offshore 
aquaculture may be operated with fewer failures in the future. To reduce the risks for the 
local environment resulting, from the presence of the non-native S.aurata in the wild, a 
possible measure would be to reduce the number of escapee S. aurata. As a study by 
Izquierdo-Gomez & Sanchez-Jerez (2016) showed, fish traps may be used to recapture a 
majority of escaped fish. Another study by Arechavala-Lopez et al. (2018b) evaluated the 
contribution of artisanal and recreational fisheries for the recapture of escaped farmed fish in 
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Appendix I Maximum and significant wave height measurements  
 
 
Figure 2.5 Line chart of significant wave height in the period from January 2018-January 2019; data provided 
by IPMA derived from an oceanographic buoy near Funchal 
 
 
Figure 2.6 Line chart of maximum wave height in the period from January 2018-January 2019; data provided 
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Appendix II Maximum wind speed near Funchal, Madeira 
 
 

















































Appendix III Scatterplots of significant and maximum wave height (m) versus the 
number of holes in the net at Calheta fish farm (Cage 1-4: 12.7m diameter, Cage 6-10: 
24m diameter) 
 
Figure 2.8 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 1 
  
 
Figure 2.9 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 



























































































Figure 2.10 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 3 
 
 
Figure 2.11 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 



























































































Figure 2.12 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 5 
  
 
Figure 2.13 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 



























































































Figure 2.14 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 7 
  
 
Figure 2.15 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the 


























































































Figure 2.16 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 9 
 
 
Figure 2.17 Scatterplot of the significant wave height (m) plotted versus the number of holes counted at the fish 


























































































Figure 2.18 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 1 
 
 
Figure 2.19 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 



















































































Figure 2.20 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 3 
 
 
Figure 2.21 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 


















































































Figure 2.22 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 5 
 
 
Figure 2.23 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 


















































































Figure 2.24 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 7 
 
 
Figure 2.25 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 

















































































Figure 2.26 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 
farm in Calheta from January 2018 to March 2019 for cage 9 
 
Figure 2.27 Scatterplot of the maximum wave height (m) plotted versus the number of holes counted at the fish 
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Appendix IV Table on Presence/Absence data of fish species recorded with an 
underwater camera system near the fish farming facility of Calheta, Madeira Portugal, 
1= present, 0 = absent. 
 
Date T. ovatus S. maderensis O. melanura S.viridensis T. picturatus B. capriscus 
14/12/2018 1 1 1 0 1 0 
08/01/2019 1 1 0 1 0 0 
11/01/2019 1 1 1 1 0 0 
15/01/2019 1 1 0 1 0 1 
18/01/2019 1 1 0 1 0 0 
24/01/2019 1 1 0 0 0 0 
31/01/2019 1 1 0 0 0 0 
07/02/2019 1 1 0 0 0 0 
12/02/2019 1 1 0 0 0 0 
19/02/2019 1 1 0 0 0 1 
28/02/2019 1 1 0 0 0 0 
07/03/2019 1 1 0 0 0 0 
19/03/2019 1 1 0 0 0 0 
21/03/2019 1 1 0 0 0 0 
26/03/2019 1 1 0 0 0 0 
28/03/2019 1 1 0 0 0 0 
09/04/2019 1 1 0 0 0 1 
18/04/2019 1 1 0 0 0 1 
26/04/2019 1 1 0 0 0 0 
 
 







Appendix VI Farm workers of the fish farming facility of Calheta during regular 




















Appendix VII Abstract for the AE2019, Berlin  
 
THE REASONS BEHIND THE ESCAPES OF S. AURATA FROM MADEIRAN FISH FARMS-RISK 




Centro de Maricultura da Calheta Av. D. Manuel I, n. º7 9370-135 Calheta Madeira (Portugal) 






Intensive fish farming has been a growing industry in recent years in the Mediterranean Sea and the North-
East Atlantic; with the gilthead seabream being a commonly farmed species. Around Madeira, an archipelago 
situated in the North Atlantic, Sparus aurata was recorded in the wild shortly after farming of this species in 
offshore net-cages started in 1997. Escape-events from fish farms are most likely the reason for the 
introduction of S.aurata to the waters of Madeira, with a wide range of possible risks. Many factors are 
involved in escape events. Large scale escape incidents are related to the formation of holes in the net cage, 
which can be caused by rough sea conditions (e.g. storms), but also through predator attack and the net-biting 
activity of the farmed fish. Farm owners monitor the condition of the farming facilities and recorded damage 
are recorded in archive files. 
 
Materials and Methods 
Historical archive data from 2018 and 2019 collected from fish farms on Madeira Island in Calheta, Caniçal 
and Ribeira Brava (data from regular inspection dives around farming facilities and operational data) was 
evaluated with the inclusion of relevant factors, such as data on sea-conditions and data on the farming 
conditions provided by the farms. 
 
Results 
Detailed data analysis of present material has yet to be performed and results may provide information on the 
most relevant causes of escape events from Madeiran fish farms, including a massive escape event, that took 
place in 2018. 
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